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Description 

This invention relates to new 10-substituted camptothecin derivatives possessing anti-tumor activity 
(including carcinostatic activity) and to processes for the preparation of such derivatives. More particularly, 

5 this invention relates to new 5 — R 1 — 7 — R 2 -camptothecin derivatives carrying a substituent R 3 in the 1 0p- 
position thereof and possessing anti-tumor activity, good absorbability, and a low level of toxicity, as well 
as to processes for the preparation of 10-substituted camptothecin derivatives. 

Camptothecin is a cytotoxic alkaloid isolated from leaves and barks of Camptotheca accumtnata 
(Nyssaceae), a plant native to China, which has a pentacyclic structure consisting of a characteristic fused 5- 

w ring system of quinoline (rings A and B), pyrrollne (rinc C), a-pyridone (ring D) and a six-membered lactone 
(ring E) and is distinguished by displaying a strong inhibitory activity toward biosynthesis of nucleic acids. 
In addition, camptothecin Is a unique anti-tumor substance characterized by its rapid and reversible action 
and its lack of any cross-tolerance with the existing anti-tumor agents and by exhibiting a strong anti-tumor 
activity against experimentally transplanted carcinoma such as leukemia L— 1210 in mice or Walker 256 

is tumor in rats. Although camptothecin is still regarded as one of the most potent substances possessing 
anti-tumor activity, the use of this compound itself for clinical treatments is significantly limited because of 
high toxicity. 

Accordingly, a number of attempts have been made to reduce toxicity of camptothecin while 
maintaining its anti-tumor activity by converting camptothecin chemically into its derivatives. The chemical 

20 modifications so far reported are mainly about the rings 0 and/or E of camptothecin, but the results of such 
modifications revealed only failure in maintaining expected anti-tumor activity and poor improvement in 
toxicity [J. Med. Chem., 19 (1976), 675]. From the chemotherapeutic point of view, therefore, it is of 
importance that the chemical modifications of camptothecin should be restricted in the rings A, B and C 
without effecting any change in the rings D and E which are conceivably one of the essential structural 

25 elements for the expression of the above mentioned characteristic biological activities. 

J. Chem. Soc. Perkin Transactions 1, vol. 5, 1981, pages 1 563—8, London, T. Kametanl et al., discloses a 
process for the total synthesis of camptothecin and 10-methoxycamptothecin from 3,4-dihydro-1-methyl-p- 
carboline. The products are racemic. 

Except for a method for functionalizing the 12-position of camptothecin reported in 1976 which 

30 comprises a series of troublesome conversion and purification operations starting with nitration at 12- 
position [P. Pei-chuang et al., Hau Hsueh Hsueh Pao, Vol. 33 (1975) 71; Chem, Abstr. $4 (1976) 115629pl, 
however, no success was reported until 1979 in connection with chemical functional ization of 
camptothecin in a moiety involving the rings A, B and C. This is probably attributable to the reason that 
camptothecin itself is only sparingly soluble in various organic solvents and that camptothecin possessing 

35 the nature of heterocyclic rings in its molecule is resistant to the so-called electrophilic reactions 
conventionally carried out on aromatic rings. In the present status, such obstacles strongly refuse chemical 
modifications of camptothecin contemplated on the desk for preparing new classes for derivatives thereof. 

Under the above mentioned circumstances, the present inventors previously found together with co- 
workers processes for introducing (1) hydroxymethyl group into 7-position, (2) hydroxy group into 5- 

40 position and (3) an aikyl or aralkyl group into 7-position of camptothecin efficiently in a single step, and 
prepared a great number of new camptothecin derivatives possessing anti-tumor activity with slight 
toxicity from 5- and/or 7-substituted camptothecin obtained according to the above processes, by chemical 
modification of the 5- and/or 7-substituent (U.S. Patents 4,399,276 and 4,399,282). However, the sorts of 
camptothecin derivatives prepared according to these processes are still limitative. 

46 Noteworthy in recent years is that 10-hydroxycamptothecin isolated from Camptotheca acuminata was 
reported to be lower in toxicity than camptothecin itself but higher In anti-tumor activity (a certain medical 
magazine in China, 1978). For further extensive researches on the relation between substituents in 
camptothecin derivatives and anti-tumor activity and/or toxicity, therefore, there is still a great demand in 
this art for developing further new classes of camptothecin derivatives possessing a low level of toxicity 

so while maintaining the inherent anti-tumor activity by chemical modifications of camptothecin itself or 
derivatives thereof in a simple manner. 

The present invention is based upon extensive research into chemically modifying the 10-position of 
camptothecin or 5- and/or 7-substituted derivatives thereof without destruction of the structure of rings D 
and E. As a result of such research it has been found surprisingly that an alkoxy group, an acyloxy group or 

55 hydroxyl group can be introduced into 10-position of camptothecin or a 6- and/or 7-substituted derivative 
thereof by treating camptothecin or a 5* and/or 7-substituted derivative thereof with a peroxidant and then 
reacting the resultant N-oxide compound with an active hydrogen compound in the presence of an acid 
under irradiation with UV-rays. In addition, extensive research has developed a method for introducing a 
hydroxy group, a nitrogen-containing substituent (such as a nitro group or an amino group) or a halogen 

so atom into the 10-position of camptothecin. Thus, it has been found surprisingly that a nitro group can be 
introduced into the 10-position of camptothecin by catalyticaily hydrogenating camptothecin in a liquid 
vehicle such as acetic acid or dioxaneacetic acid in the presence of a noble metal catalyst, such as platinum 
oxide catalyst, treating the resultant 1,2,6,7-tetrahydrocamptothecin with an acylating agent and then 
treating the thus obtained 1-acyl-1,2,6,7-tetrahydrocamptothecin with Cone, nitric acid in the presence of 

65 sulfuric acid, and that the nitro group in the 10-position of the resultant 1-acyl-10-nitro-1,2,6 # 7-tetrahydro- 
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camptothecin can be converted, preferably after removing the acyi group by hydrolysis and oxidation to 
cause dehydrogenation of the saturated ring, into a free amino group by reduction, and the amino group 
can further be converted according to a variety of methods known per se into an allcylamino group by 
alleviation, into an acylam.no group by acylation or into a hydroxy group or a halogen substituent by 
5 diazotization followed by hydrolysis or a Sandmeyer reaction. 

In accordance with the present invention, there are provided new 10-substituted camptothecin 
derivatives of the general formula: K 
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(I) 



wherein R is a hydrogen atom, a alkyl group, a (V-C e cycloallcyl group, a hydroxyl group, a 

i"^ 0 .u , 0XY 9r0UP ° r l Cl_Cl7 aCy,0Xy group ' R2 is a C ^o alkyl group, a Cg-d cycloallcyl group, a 
phenylalkyl group, a naphthylalkyl group, a hydroxymethyl group, a carboxymethyl group or a C-L 
25 acyloxymethy group, and R 3 is the grouping -XR' (in which R' is a hydrogen atom, a C,-^ alkyl group a 

iTr'fy ^ \ gm ? p or 8 Ct "^ 17 acyl group and X fs an 0X Y9 en atom or a sulfur atom), and wherein the 
a ky , alkoxy acyl and acyloxy groups may be substituted with one or more halo, nitro, amino, carboalkoxy 
alkylamino, dialkylamino or alkoxy groups as defined above. 

In the above general formula (I), R 1 is preferably a hydrogen atom. When R\ R* or R' stands for an alkyl 

so group, it has 1-30 carbon atoms but in view of the availability of alkylating reactants, the alkyl group 
preferably has 1-18 carbon atoms. Illustrative of the alkyl group are, for example, straight or branched 
chain alkyl groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isopropyl, n-butyl, isobutyl, sec-butyl 
tert-butyl n-pentyl, isopentyl, n-hexyl, n-heptyl, n-octyl, 2-ethylhexyl, n-nonyl, n-decyl, undecyl, dodecyl, 
rnynsty , heptadecyl octadecyl and eicosyl groups. R', R 2 or R' may be a Cf-C, cycioalkyi group. When R^ 

35 stands for an alkoxy group, the alkyl moiety thereof is as defined above. Preferable examples of the alkoxy 
group are those derived from straight or branched chain lower alkyl groups with 1-8 carbon atoms such 
as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, n-pentiloxy 
Isopentyloxy, n-hexyloxy, n-heptyloxy, n-octyloxy and 2-ethylhexyioxy groups. When R 1 stands for an 
acyloxy group, the alkyl moiety thereof is a straight or branched chain alkyl group with 1-17 carbon atoms 

40 such as acetoxy, propionyloxy, n-butyryloxy, isobutyryloxy, valeryloxy, hexanoyloxy, heptanoyloxy' 
octanoyloxy nonanoyloxy, decanoyloxy, undecanoyloxy, dodecanoyloxy, pentadecanoyloxv 
hexadecanoyloxy, heptadecanoyloxy and octadecanoyloxy groups. The term "acyloxy group" includes the 
formyloxy group as well. The acyl moiety of the acyloxy group may be derived from aromatic carboxylic 
acids, heterocyclic carboxylic acids, aralkylcarboxylic acids and alkyl and aromatic sulfonic acids. These 

45 acids may contain one or more unsaturated bonds in the molecule and carry one or more halogen atoms 
ammo groups or hydroxyl groups. Illustrative of these acids other than the aliphatic carboxylic acids' 

i" *• ab< ?! 6 a ? Y ' 0Xy 9roups are ' for exam P |e ' benzoic acid, halo-, amino- or hydroxy- 
substituted benzoic acids, nicotinic acid, phenylacetic acid, ethanesulfonic acid or benzenesulfonic acids 
various kinds of amino acids and halogen-substituted aliphatic acids such as monochloracetic acid. When 

so R stands for a phenylalkyl or naphthylalkyl group, its preferable examples include benzyl, phenethyl 
phenylpropyl and 1- or 2-naphthylmethyl groups. When R a stands for an acyloxymethyl group, the acyl 
moiety is as defined above. Preferable examples of the acyloxymethyl group include those having an acyl 
moiety with 1-8 carbon atoms, such as acetoxymethyl, ethanesulfonyloxymethyl, propionyloxymethyl 
butyry oxymethyl, hexanoyloxymethyi, heptanoyloxymethyl, p-toluenesulfonyloxymethyl, benzoyloxy- 

55 methyl phenylacetoxymethyl, nicotinoyloxymethyl and monochloroacetoxymethyl groups. When R' 
stands for an acyl group, the acyl group is as defined above with respect to the case of R 1 being an acyloxv 
group. When R stands for an alkylamino group, the alkyl moiety is a lower alkyl group with 1-8 carbon 
atoms. I lustrative of the alkylamino group are, for example, methylamino, ethylamino, propylamine, 

» ™.T(^ ,n0 i^^ m,IW ' tert - butvlamino ' Pantylamino, hexylamino, heptylamino and octylamino 
eo groups. When R 3 stands for an acylamino group, the acyl moiety is as defined above with respect to the 

case of R being an acyloxy group. Preferable examples of halogen atoms include chlorine and bromine 

atoms. 

The above mentioned alkyl and alkoxy groups may contain, as in the case of acyl or acyloxy groups 
one or more subst.tuent halo (especially chloro), nitro, amino, carboalkoxy, allcylamino, dialkylamino or 
e? alkoxy groups as defined above. 



3 



0 074 256 



fo«^ 

5 hydroxy"- 7 ^hydroxym^ 7 ' naphthy.al.cylcamptothecin, 10 - 

hydroxy - 7 - carboxym^lcammoS, 0 £T- ^^^^^ 10 ' 

C,. M - alkoxy - 7 - phenylalkvleamDtoSn in r .i. ^ I ' C '- so ' "'Wcamptothecin, 10 • 
C,-* -alkox? -7 ^SZff°^l^;? M ak 2 w 7 - -P^ylalMcamptotiNacin, 10 - 
thecin,10 -C,. 17 -aeyloxy -7 -C, , - a iM«LtL.X M ,n 7* " C '- ,T ' acv| oxyrnethylcampto- 
'0 naphthylalkyliamptoS 10 -C P 7 h 'V 7 •"* to * " 7 ' Phenylalkyl -or 7 - 

substituted as defined above W ^ and acyloxy flroups bein 9 optionally 

hydroxy - 5 - methoxy - CPT. »y«raxy o metnoxy - CPT and 7 - acetoxy - 10 - 
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file: * Mtln9 earnpto,hee,n or 8 * Substituted camptoihecin derivative oT™ 9 general 
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with an active hydrogen-containing reagent of the general formula: 

R'— XH 



(III); 
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wherein R' and X have the same meanings as given above, in the presence of an acid under irradiation with 
UV-rays. 

The 5- and/or 7-substituted camptothecin derivatives of the general formula (II) used as starting 
materials are known or can be prepared according to the known prior art processes. 

5 The intermediate 5- and/or 7-substituted camptothecin-1-oxide derivatives are novel compounds and 
are included within the present invention. The preparation of the 5- and/or 7-substituted camptothecin-1- 
oxide derivatives is also included within the present invention. 

In the first step, the starting camptothecin or 5- and/or 7-substituted camptothecin derivatives used are 
reacted in a liquid vehicle with a peroxidant to the corresponding-1 -oxides (N -oxides). The peroxidant 

to utilizabfe in the first step for N-oxidation of the ring B (pyridine ring) is selected from hydrogen peroxide, 
inorganic and organic peracids and salts thereof. Preferable examples of the peroxidant include hydrogen 
peroxide, peracetic acid, perbenzoic acid, m-chloroperbenzoic acid and a persulfate. The use of hydrogen 
peroxide in acetic acid is desirable as a higher yield of the N-oxide product is expected thereby. Illustrative 
of the liquid vehicle are, for example, glacial acetic acid, an aqueous acetic acid solution, hydrocarbons 

is such as benzene and hexane, chlorinated hydrocarbons such as chloroform and methylene chloride, and 
ethers such as dioxane. 

In an embodiment wherein hydrogen peroxide is used for N-oxidation, the operation itself is carried 
out in a manner similar to that described, for example, in Mosher et al., Org. Syn. 33, 79 (1953) or Ochiat et 
al., J. Pharm. Soc. Japan 71, 1385 (1951); the starting camptothecin derivative of the general formula (II) is 

20 suspended or dissolved in acetic acid and treated under agitation with hydrogen peroxide (usually about 
30% in strength). The selection of a temperature range from 65°C to 70°C is adequate for this reaction. 
Although a theoretically needed amount of hydrogen peroxide is one mol per mol of the starting 
camptothecin derivative, the use of a larger excess (about 30 molar proportion) of hydrogen peroxide is 
preferable. Under such condition, N-oxidation of the starting camptothecin derivative is completed 

25 normally within 4 hours. 

In another embodiment wherein a peracid is used for N-oxidation, the operation itself is carried out in a 
manner similar to that described, for example, in Herz et al., J. Am. Chem. Soc. 76, 4184 (1954); the starting 
camptothecin derivative of the general formula (II) is treated, for example, with peracetic acid (usually 40% 
in concentration) and sodium acetate or with perbenzoic acid in benzene. It is possible to use m- 

30 chloroperbenzoic acid as the peroxidant in chloroform or ethylene chloride. It is also possible to use 
sodium persulfate under similar conditions. 

The resultant N-oxide intermediate product can be isolated in a highly pure form by concentrating the 
reaction mixture under reduced pressure to a volume of about 1/5—1/10, diluting the concentrate with a 
large excess of ice water, collecting the resultant N-oxide precipitated as needle crystals by filtration, and 

35 drying the crystals under subatmospheric pressure. 

In the second step, the intermediately formed N-oxide is dissolved in a solvent and treated with an 
active hydrogen-containing reagent of the general formula (111) in the presence of an acid under irradiation 
of UV-rays. Preferred as the solvent in this reaction are dioxane, acetonitrile, chloroform, methylene 
chloride, glyme, diglyme and a mixture of these. 

40 Illustrative of the active hydrogen-containing reagent of the general formula (III) are, for example, 
water, hydrogen sulfide, a monohydric alcohol such as methanol, ethanol, propanol or butanol, an organic 
acid such as acetic acid or propionic acid, and an alkylmercaptan such as methylmercaptan, 
ethylmercaptan or mercaptoacetic acid esters. Preferable examples of the acid to be present in the reaction 
system include mineral acids such as sulfuric acid and perchloric acid, organic sulfonic acids such as 

45 ethanesulfonic add and p-toluenesulfonic acid, Lewis acids such as boron trifluortde-etherate, and organic 
carboxylic acids such as acetic acid and propionic acid. A good result can be obtained when the acid is used 
In an amount of 10 — 15 molar equivalents. The operation for irradiating the reaction mixture with UV-rays 
is performed according to a known conventional method. The irradiation time is usually between 15—100 
minutes-and a commercially available high voltage mercury lamp can be used as a source of UV-rays. In 

50 case acetic or propionic acid is used as the acid to be present in the reaction system, it also functions as a 
solvent 

According to the two-step reaction referred to above, the starting camptothecin or a 5- and/or 7- 
substituted derivative thereof is first converted into the corresponding N-oxide and then the grouping 
R'X— in the active hydrogen-containing reagent of the general formula (111) is introduced into 10-position of 

ss camptothecin or a derivative thereof with simultaneous elimination of the oxygen atom in 1-position under 
irradiation of UV-rays. The reaction mixture thus treated contains two kinds of product, one being a small 
amount of 1-deoxygenated product (the starting material) and the other being the end product carrying the 
substituent — XR' in its 10-position. These products can be separated by HPLC or column chromatography 
on silica gel and the recovered starting material can be used for the next batch. The end product can be 

60 purified, if necessary, by way of chromatography or the so-called recrystallization method. 

The invention also provides a process for the preparation of 10-substituted camptothecin derivatives of 
the general formula; 
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wherein R a ' is a nitro group, an amino group, a Ci— C 8 alkylamino group, a C,— C 17 acylamino group, a 
15 hydroxy! group or a halogen atom, the a Iky I and acyt groups being optionally substituted as defined above; 
which process comprises catalytically hydrogenating camptothecin in a solvent under atmospheric 
pressure in the presence of a noble metal catalyst, treating the resultant 1,2,6,7-tetrahydrocamptothecin 
with an acylating agent to introduce an acyl group into the 1-position, treating the thus obtained 1-acyl- 
1,2,6,7-tetrahydrocamptothecin with a mixture of nitric acid and sulfuric acid, eliminating the 1-acyl group 
20 in the resultant 1-acyl-10-nitro-1,2,6,7-tetrahydrocamptothecin by hydrolysis and treating the resultant 10- 
nitro-1,2 ( 6,7-tetrahydrocamptothecin with an oxidizing agent to cause dehydrogenation, and if desired, 
reducing the resultant 10-nitro-camptothecin or 10-nitro-1,2,6,7-tetra-hydrocamptothecin to convert the 
nitro group into an amino group prior to dehydrogenation, and then modifying the amino group by N- 
alkylation or N-acylation or by diazotization followed by hydrolysis or a Sandmeyer reaction, and if 
25 necessary, treating the resulting compound with an oxidizing agent for dehydrogenation of the saturated 
ring. 

In the first step for hydrogenating the ring B (the pyridine ring), camptothecin is catalytically 
hydrogenated at room temperature in a solvent such as acetic acid or dioxane-hydrochloric acid under 
atmospheric pressure by the aid of a noble metal catalyst until the theoretical amount of hydrogen is 

jo absorbed. The hydrogenation reaction will be completed usually within 2 hours. Preferable examples of the 
noble metal hydrogenation catalyst include platinum black, platinum oxide, palladium black, and palladium 
oxide as such or in the form carried on carbon black. These catalysts are well known in the field of 
hydrogenation. The reaction mixture is then filtered to remove the catalyst, and the filtrate is concentrated. 
The residue is then dissolved and subjected to column chromatography on silica gel to purify the 

35 hydrogenated product A small amount of un reacted camptothecin can be recovered by this purification 
treatment. 

In the second step, the resultant 1,2,6,7-tetrahydrocamptothecin is treated with an acylating agent 
under the conditions known per for acylation.. Any of the known conventional acylating agents, for 
example, acids in reactive functional form can be used for this purpose. Illustrative of the acylating agent 

40 are acetic anhydride, acetyl halide or the like lower fatty acid anhydride or halide, benzoyl chloride or the 
like aromatic acid halide, and p-toluenesulfonyt halides or the like sulfonyl halides. An acid-binding agent 
for this acylation is preferably a tertiary amine or a weak inorganic base. The use of triethylamine or 
pyridine is desirable. By this acylation, 1-acylated 1,2,6,7-tetrahydrocamptothecin is obtained in a high 
yield (above 70%) with a small amount of unreacted starting material. As 1,2,6,7-tetrahydrocamptothecin 

45 has hydroxy I group in 20-position thereof, acylation of 20-hydroxyl group also proceeds simultaneously 
with N-acylation of 1-position. However, 1,20-diacylated product can be used for the subsequent step as the 
acylated group will eventually be removed in the next step. In case of using acetic anhydride, the acylation 
reaction is completed by warming the reaction mixture (at 50— 80°C) for 1—2 hours, although the condition 
may be varied according to the sorts of acylating agent The resultant crude product is isolated by 

so removing the excess acylating agent and the solvent under reduced pressure and may be purified, if 
desired, by way of column chromatography on silica gel. 

In the third step for nitration, 1-N-acetyl-20-O-acetyl-1 # 2,6,7-tetrahydrocamptothecin obtained in the 
second step Is dissolved in concentrated sulfuric acid and treated with fuming nitric acid under cooling for 
20—40 minutes. The crude product is isolated by diluting the reaction mixture with ice water, extracting the 

65 organic phase with an organic solvent and evaporating the solvent under reduced pressure, and may be 
purified by way of column chromatography on silica gel. Although nitro group cannot be introduced into 
10-position of camptothecin by directly nitrating camptothecin itself under the same conditions as 
described above, nitro group can selectively be introduced into 10-position of camptothecin according to 
the process of this invention by once converting it into 1-acyl-1,2,6,7-tetrahydrocamptothecin. The nitrated 

eo compound is then subjected to hydrolysis under an acidic or alkaline condition in a conventional manner to 
split off the acyl group. For this purpose, the nitrated compound is refluxed for several hours in a diluted 
mineral acid or a weak alkaline solution. The reaction mixture is then diluted with water or ice water and the 
water-insoluble deacylated product is extracted with a water-immiscible solvent and isolated by 
evaporating the solvent under reduced pressure. The hydrolyzed compound is then subjected to oxidation 

65 for dehydrogenation of the hydrogenated ring to the original aromatic ring. This oxidation itself is carried 
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^a B ^ air, nitric acid or the » 

for about one hour. The end P^m ^S^L^ T"^ COnducted * r9fluxi »8 *■ £5 

- ^ P _,. ^ - SXrrAss 

intermediately formed LacetJ S ^6 ySvdZ™ n t H ,r0 9r0Up ma * be ca "^ om for C 
camptp^ecin prior to hydrolysis followed 'b Sfon ^TnT t ° f '^-UW-tetrahyd^ 
oxidation, respectively. ' oxioation (dehydrogenation of the saturated rina) or 

In nrriar «' 



arZ, 0 " 8 ' ? dUCtive ~ eU «" oonteSaTed fc redSo n^o? ""f^ ' 8 «**«•<»» a 
Clemensen' reduction method (a combination If .hii ? 9roup to arnl 'no group. Usuallv 
" reduction method is used for thli '££mS£Z^ 8C ' d and ,in ' iron ° r or Sic 

and hydrogenated at room tempZuZn^T!!^ 1 °- n,trocani Ptothecin is dissolved in a ™ X 
Platinum oxide. In this case, KVam noca» 

from the reaction mixture by filtration and •C^S^^'T' ^ rem ° Vin 9 1,18 <*^« 
1 O-Aminocamptothecin or its tetrahydro deriS thf» ^ der ? duCBd Pressure. 
» ways. In one embodiment, 10-aminocamZ^^^ ?" °° modified 1" various 

with an ^-alkylating agent. As an ZmZZ™oZ nllZT "! in 3 "national manner 

acylated with an alkanoyl halide or altanoirS^ 

Mistreated with aTa^a^ 

ammo group to obtain tO^cyJOTta^^JS^SF^iT^ C0nv9ntl0n81 m9t ^ *» acylating the free 
as acd anhydrides and acidhalides JfSS^S^^^l! ^ ° ,aCV,3t, ' n 9 a 9 8nts "* 
atoms, e.g. acetyl chloride, acetic anhydride oVd^oZ m^J ^' th P ref "«bly vU carbon 

„ r he e T C ' iC 8Cids ' «* benz °Y' *lori* ^ ntoffil^.?^ ^ o^romaticanS 

camptothecin in a solvent with such^^S ^4!^^ 

* :r^"Se 9 ^ a nitrite in an eoueous acidic 
hydroxycamptothecin. The diazotization o ' ^T^n t *" W ro| Y zed «"der heating to form 10- 
manner by adding an aqueous solution oU^^TlT *, T™."* in 8 ~«o * 
under stirring and ice cooling. After comoleZ of ,h» « d,C Solution of 1 °- ami "o compound 
hydrolysis of 10-diazonium salt wherebv the ^Ll^ d,a ?totion, the mixture is heated to cause 

• the 10-diazonium salt can b,t^mZSSST^ ^ COmpound is ° btai "<* ^ise 
compound ,0-Hydroxycamptothecln,^ the '? b Y <°™"9 lO-mSta} 

^treat^tS^ 

corresponding 10-halogeno compound M ?h f oreS^n ^f n 3 !S^ all9d Sand ™yer reaction to form the 
cooledsolution of the KWiazonium chto Ideis SKSLtt 10 ^. ,oro «"" p tothecin, for example, a™ c * 

^ bromide and cuprous bromide. Prepared from a combination of the 10-diazonium 

'ft*"** substituent according to aT^oZ^r'^^ 3 , ** 7 " and/or 10-substtuent 
of the 5- 7- and 10-positions of the end product mav be 1^ T f ,8 ' 11,8 ,r8e hvdroxvl "n any 
^ jn. modmed compounds which are J ^n^n^ 

furth^rVu^r^ rrned^n 88 ? ^ ^ « ba — - «* without 

preparing other useful products m a *caments or as valuable intermediate piStSTS 

• d8 "r Ka ^ dev r'"8 IO*"-"- camptothecin 

antitumor activity with reduced to SldaIfn« 1 , Ch 'J useful « «"«"tumor agents possessing 
products as well as a new pS, B !lf ( ' Intermediate products for preparing other 3 
advantageoua operations P °' V*"™ 9 ,hese «-"ptothecin derivatives in simpl^dustriS 
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The invention further provides a pharmaceutical or veterinary formulation comprising a new 
camptothecin derivative as defined above or prepared by either of the processes of the invention, in either 
case formulated for pharmaceutical or veterinary use, respectively. The formulations of the invention can 
be in unit dosage form in accordance with normal practice and/or may comprise one or more acceptable 
s diluents, carriers or excipients. 

The present invention will now be illustrated in more detail by way of Examples. In these Examples, 
percentages are by weight unless otherwise indicated. 

Example 1 

to (A) Preparation of camptothecin- 1 -oxide: 

Camptothecin (1.04 g, 3 m-mol) is suspended in acetic acid (100 ml}. To this suspension is added 30% 
hydrogen peroxide (1 5 ml), and the mixture is stirred for 3 hours at 60— 70°C. The resultant reaction mixture 
is concentrated under reduced pressure to a volume of about 35 ml and the concentrate was then poured 
into ice water (500 ml). The precipitated yellowish orange needly crystals are collected by filtration, washed 

15 with water and then with methanol and dried under reduced pressure whereby 866 mg (yield: 90.6%) of 
cam ptothecin-1 -oxide is obtained. M.P. 254°C (dec) 

(B) Preparation of 10-{(carboethoxymethyl)thiolcamptothecin: 

Camptothecin-1-oxide (75 mg, 0.208 m-mol) obtained in the preceding (A) is dissolved in ethanol-free 
20 chloroform (50 ml) and dioxane (50 ml). To this solution are added boron trifluoride (50 pi) and ethyl 
thioglycolate (5 g), and the mixture is subjected to irradiation of light beam for 40 minutes. The reaction 
mixture is concentrated under reduced pressure. Water (100 ml) is then added to the concentrate and the 
mixture is extracted with chloroform (100 ml x 3). The chloroform phase is dried over magnesium sulfate, 
filtered and evaporated until dryness under reduced pressure. The residue is decolorized with silica gel (5 
25 g) and subjected to purification by way of high pressure liquid chromatography (Lichrosorb SI — 60 column, 
10% acetone-chloroform) whereby 20 mg (20,8%) of the title compound is obtained together with 22 mg of 
camptothecin. Yellow needle crystals, M.P. 228— 231°C (dec.) [chloroform-n-hexane]. 

NMR (in CDCt 3 J: 1.04 (3H, t, J-7.8Hz), 1.25 (3H, t, J=7.3Hz), 1.90 (2H, q, J=7.8Hz) 3.81 (2H, s), 4.21 (2H, 
q, J=7.3Hz), 5.28 (1H, d f J=16.6Hz), 5.27 (2H, s), 5.75 (2H, d, J=16.6Hz), 7.64 (1H, s), 7.70 (2H, m), 8.17 (1H, d, 
30 J=9Hz), 8.26 (1H, br s). 

MS: m/e 466 [M*] (C^HaNaOeS = 466). 

Example 2 

Preparation of 10-methoxycamptothecin: 

35 Camptothecin-1 -oxide (75 mg, 0.206 m-mol) obtained in the preceding Example 1(A) is dissolved in 
methanol (50 ml) and dioxane (50 ml). To this solution is added cone, sulfuric acid (0.1 ml), and the mixture 
is subjected to irradiation of light beam (high voltage mercury lamp, 250W) for 25 minutes. The reaction 
mixture is concentrated under reduced pressure, diluted with water (100 ml) and extracted with chloroform 
(100 ml x 3). The chloroform phase is dried over magnesium sulfate, filtered and evaporated under 

40 reduced pressure until dryness. To the residue are added acetic anhydride (0.5 ml) and pyridine (1 ml), and 
the mixture is stirred for 1.5 hours at 60— 70°C. The reaction mixture is evaporated until dryness under 
reduced pressure. The residue is decolorized with silica gel (5 g) and subjected to high pressure liquid 
chromatography (HPLC) using Richrosorb SI— 60 column, 4% acetone-chloroform whereby 20-O-acetyl- 
camptothecin (7 mg) and 20-O-acetyl-10-methoxycamptothecin (37 mg, m/e420[M*j CaaHaoNaOs = 20) are 

45 obtained. The latter compound is dissolved in cone, hydrochloric acid (2 ml) and methanol (1 ml) and the 
solution is stirred for 16 hours at room temperature. The reaction mixture is diluted with water (200 ml) and 
extracted with chloroform (200 ml). The chloroform phase is dried with magnesium sulfate, filtered and 
evaporated until dryness under reduced pressure whereby 28 mg (37.8%) of 10-methoxycamptothecin is 
obtained. M.P. 252— 254°C (the value reported in literatures: m.p. 254— 255°C). This compound was 

so identified with a standard substance isolated from Camptotheca acuminata Nyssaceae, by way of HPLC 
and IR absorption spectra. 

Example 3 

Preparation of 10-hydroxycamptothecin: 

55 Camptothecin-1 -oxide (500 mg, 1.37 m-mol) obtained in the preceding Example 1(A) is dissolved in 
dioxane-acetonitrile-water (5:4:1, 500 ml). To this solution is added cone sulfuric acid (1 ml), and the 
mixture is subjected to irradiation of light beam for 90 minutes. The reaction mixture is concentrated under 
reduced pressure and diluted with water (II). The precipitate is collected by filtration and dried, and the 
resultant crude crystals are washed with methanol and purified by way of column chromatography on 

go silica gel whereby 441 mg (yield: 88.2%) of 10-hydroxycamptothecin is obtained. This compound was 
identified with a standard substance isolated from Camptotheca acuminata Nyssaceae, by way of various 
spectral data. 

65 
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Preparation of 10-acetoxycamptothecin • 4 
f «£SSaTj^ exampie 1(A) „ dissolv<Kj h 

(Yield: 31.1%) of IOhJ^^JS^J^^ 1 ™ acetone-chloroform) whereof Z 1 
mg of camptothecin. The l^ fiSrA^ *** CryStals ,0 9 ether ™ 
substance obtained by treating 10-hydroxvramntothl^n?. . , „ , d T ous spectral data ™«> a standard 
'0 with acetic anhydride in pyridine nyaf0xycam P tothecin moisted from Camptotheca acuminata Nymem 

<A) P K T r . 8,i ,° n ° f 5 - meth yl«"'Ptothecin.lK)xiaV a ' T,Ple 5 

« »« "EK^^ ° ^ « "* T ° thia "**» * ^ed 

reaction mixture is concentrated under Tedded p?ess^?S 8 "TL' d f ° r 3 hours 8t 65 - 70> C. The 
water (250 ml). The precipitated vZ^.^^ 

is obtained. M.P. 226"C- (dec.) 1 9 ,v,ela " 62 - 0% > of ^nethylcamptothecin-l-oxide 

» MS: m/e 378 [M*j (C„H 18 N J 0 5 = 378). 

(B> P £S?l?? n ° f '^^^-^ethylcamptothecin: 
m «Sl^^ P-din g ,A, is dissoived in 

* mixture is subjected to irradiation of ifgh bZ , for 3 S mffi T^^"" 6 - SUlfUriC acid (50 ^ and *• 
reduced pressure and diluted with water W ^Si 8 reae . tion mixture is concentrated under 
purified by column chromatography on si lea S of iSSf T". " C ?" ec,e<1 by fil,ration ' 
of the «, e end product is Obtained t^R B iSt£^i , ^"^^ d: «^ 
methyleamptothecin. a yenowisn white crystals together with 5 mg of 5- 

3 ° NMR (in DMSO-d s )5: 0.87 (3H t i-7h,i 

exchangeable). ' z ' "*'r-n'' Ml (1H, br s, C,— H), 10.34 (1H s DO 

3s MS: m/e 378 [M-] (CH^O, = 378). * 

(A) Preparation of 5-methoxy Mmp tothecin-1 JoT* 16 6 

«* -id , 1S ml,. To this soiution is 
«> reaction mixture is concentrated ui^ffiSE?, SVET" "f^ f ° r 3 hours at 65-7CTC The 
ice water (200 ml). The precipitated £toSKE£^ T ° f about on ° fourth and diluted with 
dried under reduced pressure™ hours « WcSSZ? i^"" 1 ? ar ?„ collected »V filtration and S 
thecin-1-oxideis obtained. M.P. 208X- (dec ) V mg ,y ' eld: 73,6% > of ^rnethoxycampto- 

MS: m/e 394 [W] (CH.^O, = 394) '• 7Z - &01 (4H ' m). 8.24 (1H, s), 8.76 (1H, m). 
(B ' P S ti ° n ° f 10 - h V drox V*niethoxycamptothecin- 

irradiation of tight beam for 30 minutes Tfc« r «£JL £ 000 M °' and the mixtur e <s subjected to 
Cr-Hfc 1 0.36 (1 H, s, D^exchangeable).' ' C "~ H) ' 790 ,d ' J =^. C 1S -H). US <1H, X 

MS' nri/a Mjt fllA+1 /#■» • > . . — 



so 



MS: m/e 394 [M*J (C J1 H„N J 0, = 394). 



(A) Preparation of AethylcamptothecinO-oxide:^" 1 ' 18 ? 

« -SSSSSX^^ «J «" WJ "* To this soiution is added 
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(500 mt). The precipitated yellowish orange needle crystals are collected by filtration and dried for 6 hours 
at 60°C under reduced pressure whereby 808 mg (yield: 77.7%) of 7-ethylcamptothecin-1 -oxide is obtained. 
M.P. 255°C- (dec.) 

NMR (in DMSO-d 6 >: 0.87 (3H, t, J»7Hz), 1.28 (3H, t, J=7Hz), 1.84 (2H, q, J=7Hz), 3.10 (2H, q, J=7Hz}, 
5 5.26 (2H, s), 5.36 (2H, s), 6.24 (1H, s, D a O-exchangeable), 7.80 (3H, m) # 8.10 (1H f s), 8.35 (1H, m). 
MS: m/e 392 [M*] (C^HaoNaOa « 392). 

(B) Preparation of 7-ethyl-10-hydroxycamptothecin: 

7-Ethylcamptothecin-1 -oxide (100 mg, 0.255 m-mol) is dissolved in acetonitrile (65 ml)-dioxane (30 ml)- 

io water (5 ml). To this solution is added cone, sulfuric acid (0.1 ml), and the mixture is subjected to irradiation 
of light beam for 25 minutes. The reaction mixture is concentrated under reduced pressure, diluted with 
water (100 ml) and extracted with chloroform (100 ml x 3). The chloroform phase is dried over magnesium 
sulfate, filtered and evaporated under reduced pressure until dryness. The residue is purified by column 
chromatography on silica gel (2% methanol-chloroform) whereby 43 mg (yield: 49.1%) of the title end 

is product is obtained as light yellowish white crystals together with 12 mg of 7-ethylcamptothecin. M.P. 
231°C- (dec.) [EtOH]. 

NMR (in CDCI 3 )6: 0.98 (3H, t, J=7Hz), 1.38 (3H, t, J=7Hz), 1.90 (2H, q, J=7Hz), 3.08 (2H, q, J=7Hz), 5.17 
(2H, s), 5.23 {1H, d, J=16Hz), 5.54 (1H. d, J=16Hz), 7.34 (2H, m), 7.39 (1H, s), 7.92 (1H, d, J=9Hz). 
MS: m/e 392 NvT) (C^HjoNaOB - 392). 

20 

Example 8 

Preparation of 7-ethyl-10-methoxycamptothecin: 

7-Ethylcamptothecin-1-oxide (100 mg, 0.255 m-mol) obtained in the preceding Example 7(A) is 
dissolved in methanol (50 ml)-dioxane (50 ml). To this solution is added cone, sulfuric acid (0.1 ml) and the 
25 mixture is subjected to irradiation of light beam for 30 minutes. The reaction mixture is concentrated under 
reduced pressure, diluted with water (100 ml) and extracted with chloroform (100 ml x 3). The chloroform 
phase is dried with magnesium sulfate, filtered and evaporated until dryness under reduced pressure. The 
residue is decolorized with silica gel (5 g) and purified by HPLC (Richrosorb SI — 60 column, 10% acetone- 
chloroform) whereby 27 mg (yield: 33.2%) of the title end product is obtained together with 18 mg of 7- 
30 ethylcamptothecin. Light yellowish white needle crystals with M.P. 261°C- (dec) [n-hexane-chloroform]. 
NMR (in CDCI 3 )5: 1.28 (3H, t, J=7Hz), 1.49 (3H, t, J«7Hz), 1.97 (2H, q, J=7Hz), 3.24 (2H, q, J-7Hz), 4.30 
(3H, s), 5.27 (2H, s), 5.25 (1H, d, J=16Hz>, 5.70 (1H, d, J=16Hz), 7.20 (1H, d, J=3Hz), 7.47 (1H, d x d, J=9Hz, 
3Hz), 7.72 (1H, s), 8.53 (1H, d, J=9Hz>. 
MS: m/e 406 [M+] (C^H^NjO,, = 406). 

35 

Example 9 

(A) Preparation of 7-propylcemptothecin-l-oxide: 

7-Propylcamptothecin (390 mg, 1 m-mol) is dissolved in acetic acid (55 ml). To this solution is added 
30% hydrogen peroxide (3 ml, 0.0294 m-mol), and the mixture is stirred for 4 hours at 65— 70°C. The 
40 reaction mixture is concentrated under reduced pressure to a volume of about 10 ml and diluted with ice 
water (250 ml). The precipitated yellowish orange needle crystals are collected by filtration and dried for 6 
hours at 60"C under reduced pressure whereby 278 mg (yield: 68.4%) of 7-propylcamptothecin-l -oxide is 
obtained. M.P. 238°C- (dec) 

MS: m/e 406 [M + ] (Ca 3 HaaN a O s « 406). 

45 

(B) Preparation of 10-hydroxy-7-propylcamptothecin: 

7-Propylcamptothecin-l -oxide (20t) mg, 0.493 m-mol) obtained in the preceding (A) is dissolved in 
dioxane (60 mO-acetonitrile (20 ml)- water (5 ml). To this solution is added cone sulfuric acid (100 ul), and 
the mixture is subjected to irradiation of light beam for 30 minutes. The reaction mixture is concentrated 
so under reduced pressure and diluted with water (100 ml). The insoluble matter is collected by filtration, dried 
and purified by column chromatography on silica gel (2% methanol-chloroform) whereby the title end 
product (121 mg, yield: 60.5%) is obtained together with 11 mg of 7-propylcamptothecin. Light yellowish 
white needle crystals with M.P. 237°C- (dec.) [toluene], 

NMR (in 0MSO-d 6 )6: 0.89 (3H, t, J=7Hz), 1,06 (3H, t, J=7Hz), 1.60—1.90 (5H, m), 3.00 (2H, t, J=7Hz), 
55 5.24 (2H, s), 5.40 (2H, s), 6.24 (1H, s, D a O-exchangeable), 7,35 (1H, s), 7.30 (2H, m), 7.99 (1H, d, J=9Hz). 
MS: m/e 406 [M + ] (CaaHaaNaO,, = 406). 

Example 10 

(A) Preparation of 7-benzylcamptothecin-1 -oxide: 

eo 7-Benzylcamptothecin (250 mg, 0.570 m-mol) is dissolved in acetic acid (50 ml). To this solution is 
added 30% hydrogen peroxide (2 ml, 0.0196 mol), and the mixture is stirred for 3 hours at 65— 70°C. The 
reaction mixture is concentrated under reduced pressure to a volume of about 10 ml and then diluted with 
ice water (250 ml). The precipitated yellowish orange needle crystals are collected by filtration and dried for 
6 hours at 60°C under reduced pressure whereby 164 mg (yield: 63.5%) of 7-benzylcamptothecin-1 -oxide is 

55 obtained. M.P. 220°C- (dec) 
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NMR (in CDCI,): 1.09 (3H, t, J=7.5Hz), 1.87 (2H, q, J=7.5Hz), 4.48 (2H. s), 5.16 <2H, s|, 5.20 (1H, d, 
J=16Hz), 5.64 (1H, s, J=16Hz), 7.05-8.12 (8H, m), 8.32 (1H, s), 8.80 (1H, m). 
MS: nVa 454 [M*] (C^Hj^A = 454). 

s (B) Preparation of 10-acetoxy-7-benzylcamptothecin: „., ., . .. ,. 

7-Benzvlcamptothecin-l-oxida (100 mg, 0.22 m-mol) obtained in the preceding (A) is d.ssolved in acettc 
acid (100 ml) and the solution is subjected to irradiation of light beam for one hour. The reason mixture is 
evaporated under reduced pressure until dryness. The residue is decolorized with si.ca gel (5 g) and 
TuXd by HPLC (Richlrosorb SI-60 column. 4% acetone-chloroform) whereby 28 mg , (yield: 29 9%) o he 

,o title end product is obtained together with 14 mg of 7-ber^lcam P to*ean The produrt ^ eco/stallized 
from n-hexane-chloroform to afford light yellowish white needle crystals. M.P. . BSK- 

NMR (in CDCI,)6: 1.03 (3H. t J=7.3Hz), 1.85 (2H q J=7 3Hz), 2 37 W \ s) . 4 52 <2H s ^5.1 <2H. s> 5.26 
(1H, d, J=16Hz), 5.73 (1H, d. J-16Hz), 7.10 (5H, m). 7.53 (1H. d X d, J=9Hz, 3Hz). 7.65 (1H, s), 7.89 (1H, d, 
J=3Hz),8.27 (1H, d, J=9Hz). 

'is MS: m/e 496 [M*] (CmHmNjO.'^B). 

Example 1 1 

(A) Preoaration of 7-acetoxymethylcamptothecin-1-oxide: ._,,„„ _ ... . iai „. 

7Xatoxymethylcamptothecin (1.0 g, 2.38 m-mol) is dissolved in acetic ac.d ^0 m )• Jo th^uon ,s 

20 added 30% hydrogen peroxide (10 ml, 0.0981 mol). and the mixture is stirred for 3.5 hours at 65-70°C. The 
reartionmiSs concentrated under reduced pressure to a volume of about 50 ml, diluted with ice water 
3? ml) ™4ctad with chloroform (300 ml x 3). The chloroform phase is washed with a 7% aqueous 
solution of sodium hydrogen carbonate, dried over magnesium sulfate and dried unU dtynw i under 
reduced pressure. The residue is purified by reprecipitation witlv chloro orm-n-hex ana whereby 679 mg 

25 (yield: 65 9%) of 7-acetoxymethylcamptothecin-1-oxide is obtained as yellow needle crystals. M.P. 250X 

(d8C NMR (in DMSO-d.): 0.87 (3H, t, J-7Hz). 1 .83 (2H. q, J=7Hz), 2.05 (3H, s), 5.42 (4H, br s), 5.61 (2H, s), 6.42 
(1H, s, D a O-exchangeable), 7.80 (2H, m), 7.91 (1H, s), 8.20 (1H, m), 8.63 (1H, m). 
MS: m/e 436 [IvTI {Ca ) HaoNiO T =436). 

30 

IB) Preparation of 7-acetoxymethyMO-hydroxycarnptothecin: .ai-.m^i^a 
7-Acetoxymethylcamptothecin-l-oxide (75 mg, 0.172 m-mol) obtained in the preceding (A) is d ssolved 
in dioxane (40 ml)-acetonitrile (50 mD-water (10 ml). To this solufon is added cone, sulfunc ac.d (CK ml) 
and the m xture is subjected to irradiation of light beam for 45 minutes. The reaction mixture is 

n wScentraSd rder reduced pressure to about half a volume, diluted with water (100 ml) and ^ extracted 
with chloroform (200 ml x 2). The chloroform phase is dried over magnesium sulfate, filtered and 
r a oorate£ I until dryness under reduced pressure. The residue is separated by way of column 
cZHgraphy e^ilica gel (2% methanol-chloroform) whereby 24 mg (yield: 32% of the titie , end 
Pro^ is obtained together with 7-acetoxymethylcamptothecin (22 mg). Light yellowish white needle 

40 crystals, M.P. 257*0 (dec.) (n-hexane-chloroforml. ■ 

NMR (in DMSO-d 6 )6: 0.98 (3H, t, J=7Hz), 1.38 (3H, t, J=7Hz) , .90 > {2H J=™^ fj" '^J^' 
5.17 (2H, s), 5.23 (2H, s), 5.54 (2H, s), 6.34 (1H, br, DaO-exchangeable), 7.34 (2H, m), 7.39 <1H, s), 7.92 (1H, d, 

J=9Hz). 

MS: m/e 436 [M*] (Cj3H2oN 2 0 7 =436). 

45 

Example 12 

(A) Preparation of 7-hydroxymethylcamptothecin-1-oxide: 

7 Hydroxymethylcamptothecin (300 mg, 0.794 m-mol) is suspended in glacial acetic acid CW mO- To 
this suspension is added 30% hydrogen peroxide (30 ml), and the mixture is stirred for one hour a 

*, 70-Ju^ 30% Hydrogen peroxide (20 ml) is added and the mixture is further stirred for 1.5 hours rt 
70^£c The reaction mixture is concentrated under reduced pressure to a volume of 40 m 1 ce wate (60 
ml) is added to the concentrate and the mixture is allowed to stand for 12 hours. Ths i prec ptfated y low 
crystals are collected by filtration and dried under reduced pressure whereby 142 mg (yield: 45.4%) of the 
title compound is obtained as yellow needle crystals. M.P. 255— 260°C (dec.). 

65 IR vSicm- 1 : 3400. 2940, 1755, 1650, 1600. 1460, 1160, 1100, 765. 

(B) Preparation of 7-hydroxymethyl-10-hydroxycamptothecin: .. ... . 

7Xlroxymethylcamptothecin-lK)xide (50 mg. 0.127 m-mol) obtained in i the Preceding | 'M i » 

disJlved Insolvent mixture of dioxane (40 ml), acetonitrile (40 ml) and water " «^To th« 'solutionis 
60 added cone, sulfuric acid (3 drops), and the mixture is subjected to irradiation of light b " 

The reaction mixture is concentrated under reduced pressure and water 20 ml) is added to the irwdw. ™e 
insoluble matter is collected by filtration and dried to obtain 40 rng (80%) of the title compound .s obtained, 
which is purified by chromatography on silica gel. M.P. 260— 263°C (dec). 
IR vKicm- 1 : 3400, 2980, 1735, 1650, 1590, 1240, 1160, 1100, 800, 775. 



'nui 
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Example 13 

(A) Preparation of 1 ,2,6,7-tetrahydrocamptothecin: 

Camptothecin (500 mg, 1.43 m-mol) is suspended in acetic acid (100 ml). Platinum oxide (100 mg) is 
added to the suspension and the mixture is subjected to catalytic reduction (1.5 hours, absorption of about 
5 140 ml of hydrogen) at room temperature under atmospheric pressure. After removing the catalyst by 
filtration, the reaction mixture is evaporated until dryness under reduced pressure. The residue is taken up 
in chloroform (200 mi) and washed with a 5% aqueous solution of sodium hydrogen carbonate (100 ml) 
and then with a saturated solution of sodium chloride (100 ml). The chloroform phase is dried over 
magnesium sulfate, filtered and evaporated under reduced pressure unti) dryness. The residue is purified 
jo by column chromatography (chloroform) on silica gel (20 g) whereby 285 mg (conversion rate: 56.3%; 
yield: 76.7%) of the title compound is obtained as yellowish white crystals. Un reacted starting materials 
(1 13 mg in crude state) is recovered. M.P. (dec) 240— 242°C (from methanol). 

tR vHScm" 1 : 3470, 1745, 1645, 1565, 1495, 1165, 1030. 

is' (B) Preparation of 1,20-O-diacetyl-1 ,2,6,7-tetrahydrocamptothecin: 

Camptothecin (500 mg, 1.43 m-mol) is suspended in acetic acid (100 ml). Platinum oxide (100 mg) is 
added to the suspension and the mixture is subjected to catalytic reduction (1 .5 hours at room temperature, 
absorption of about 140 ml of hydrogen) under atmospheric pressure. After removing the catalyst by 
filtration, the reaction mixture is evaporated until dryness under reduced pressure. The residue is taken up 

20 in pyridine (5 ml) and acetic anhydride (1 ml) is added. The mixture is warmed at 60 — 65°C for 1.5 hours and 
the reaction mixture is evaporated until dryness under reduced pressure. The residue is purified by column 
chromatography on silica gel (2% acetone-chloroform) whereby 349 mg (yield: 76.7%) of the title 
compound is obtained and 149 mg of crude 20-O-acetylcamptothecin is recovered. Colorless needle 
crystals, M.P. >280°C (from C 6 H 6 ). 

25 NMR (in CDCI 3 )5: 0.78 (3H, t, J=7Hz, — CH,CH,>. 2.18 {2H, m, -£HaCH 3 ), 2.20 (6H, s, 
20 — Q — CO£]i 3 + N — 1 — CO£hL)» 2.80 (2H, br m, C— 7— &), 3.50 (2H, br m, C— 5— H*), 4.10 (1H, m, C — 6— H), 
5,02, 5.38 (1H, 1H, d x d, J=17Hz, C— 17— 7.20 (1H, s, C — 14— fci), 7.24 (1H, m, C— 2— fcU, 7.69 (1H, m), 
8.10 (3H, m). 

MS: m/e 432 DVT] C^H^N-A^^ 

30 

(C) Preparation of 1-acetyl-10-nitro-1 ,2,6,7-tetrahydrocamptothecin: 

Camptothecin (500 mg, 1.44 m-mol) is suspended in a solvent mixture of glacial acetic acid (50 ml) and 
dioxane (50 ml). Platinum oxide (100 mg) is added to the suspension and the mixture is subjected to 
catalytic reduction at room temperature under atmospheric pressure for one hour. The catalyst is removed 

35 by filtration and the solvents are removed by distillation under reduced pressure. The residue is dissolved 
in chloroform (200 ml) and the solution is washed with a 5% aqueous solution of sodium hydrogen 
carbonate (50 ml). The chloroform phase is separated, dried over MgS0 4 and distilled under reduced 
pressure to remove the solvent. The above operation is repeated 6 times and the resultant 6 lots of 
products are blended with celite and then subjected to column chromatography on silica gel (eluent: ethyl 

40 acetate) whereby 1 ,2,6,7-tetrahydrocamptothecin is obtained. To this compound are added 5 ml of pyridine 
and 5 mi of acetic anhydride, and the mixture is warmed at 60 Q C for one hour. The pyridine and the acetic 
anhydride are eliminated by distillation under reduced pressure and the residue is taken up in chloroform 
(300 ml) and washed with a 5% aqueous solution of hydrochloric acid and then with a 5% aqueous solution 
of sodium hydrogen carbonate. The chloroform phase is dried over MgS0 4 and the chloroform Is removed 

4B by distillation under reduced pressure whereby 1-acetyl-20-O-acetyl-1 ,2,6,7-tetrahydrocamptothecin is 
obtained. This compound is dissolved in 50 ml of cone, sulfuric acid. Fuming nitric acid (0.9 ml) is added to 
the solution under ice cooling and the mixture is stirred for 30 minutes and poured Into ice water (about 300 
ml). The mixture is extracted with chloroform (200 ml x 3) and the chloroform extract is dried with MgS0 4 . 
The chloroform is removed by distillation under sub-atmospheric pressure and the residue is blended with 

so celite and subjected to column chromatography on silica gel (eluent: 1% MeOH— CHCI 3 ) whereby 1.75 g 
(yield: 46.2% from camptothecin) of 1-acetyl-10-nitro-1 ,2,6,7-tetrahydrocamptothecin is obtained. Light 
yellowish white needle crystals, M.P. (with decomp.) 271— 273°C (from AcOEt). 

NMR (in DMSO-d 6 )5: 0.63 (3H, t, J=7Hz, — CHjCtb), 1.63 (2H, q, J=7Hz, — C&CH5), 2.23 (3H, s, 
N— 1— COQjj), 2.8-3.0 (2H, br, m), 3.4^3.8 (3H, br, m), 4.0—4.2 (1H, br, m), 5.10 (2H, s, C — 17 — H), 6.26 

55 (1H, s, C— 20— OH), 6.43 (1H, s, C— 14— H), 7.53 (1H r d, J=9Hz, C— 12— H), 8.03 (1H, d, d, J=9Hz, 2Hz, 
C— 11— H), 8.22 (1H, d, J=2Hz, C-9-H). ^ 

fR vJSicm- 1 : 3450, 1755, 1660, 1585, 1525, 1375, 1345, 1300, 1155. 
MS: m/e 439 (Ml GasHaiN,0 7 s439. 

60 (D) Preparation of 10-nitro-1 ,2,6,7-tetrahydrocamptothecin: 

1-Acetyi-10-nitro-1,2,6,7-tetrahydrocamptothecin (500 mg, 1.14 m-mol) is dissolved in a 20% aqueous 
solution of sulfuric acid (30 ml) and the solution is boiled under reflux for 2 hours. The reaction mixture is 
diluted with ice water (200 ml) and extracted with chloroform (200 ml x 3). The chloroform phase is dried 
over magnesium sulfate, filtered and evaporated until dryness under reduced pressure whereby 373 mg 
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(yield: 82.3%) of the title compound is obtained as yellow crystals. MP. {with decomp.) 274— 275°C (from 
CHCI ). 

IR vSicm" 1 : 3480, 1785, 1655, 1610, 1585, 1510, 1315, 1290, 1260. 
MS: m/e 397 [M+] ^,^,0,-397. 

s 

(E) Preparation of 10-nitrocamptothecin: 

10-Nitro-1,2,6,7-tetrahydrocamptothecin (373 mg, 0.937 m-mol) is dissolved in dioxane (30 ml). To this 
solution is added DOQ (446 mg, 1.968 m-mol), and the mixture is boiled under reflux for one hour. The 
reaction mixture is evaporated until dryness under reduced pressure and the residue is taken up in 
to chloroform (300 ml} and washed with water (200 ml x 2). The chloroform phase is dried over magnesium 
sulfate, filtered and evaporated until dryness under reduced pressure whereby 340 mg (yield: 92.3%) of the 
title compound is obtained as yellow crystals. M.P. (with decomp.) 243— 245°C (from chloroform). 

NMR (in DMSO-d 6 )6: 0.89 (3H, t r J=7Hz, — CH&k), 1.87 (2H, q, J=7Hz, -CHaCHJ, 5.28 (2H, s, 
C-5-H), 5.42 (2H, s, C-17-H), 6.51 (1H, s, C-20—OH), 7.33 (1H, s, C-14-H), 7.83 (1H, d, d, J=9Hz, 2Hz, 
,5 C-11-H), 8.16 (1H, d, J=9Hz, C-12-H), 8.25 (1H, d, J-2Hz, C-9-H), 8.64 (1H, s, 0-7— H). 

|R viSicm* 1 : 3430, 1742, 1656, 1618, 1592, 1530, 1342, 1158. 

MS: m/e 393 \W\ C 20 H 19 N,Oe=393. 

Example 14 

20 Preparation of 10-aminocamptothecin: 

10-Nitrocamptothecin (108 mg, 0.275 m-mol) is dissolved in ethanol (30 ml} and dioxane (20 ml). To 
this solution is added platinum oxide (20 mg), and the mixture is subjected to catalytic reduction for 30 
minutes at room temperature under normal pressure. The catalyst is removed by filtration and the reaction 
mixture is evaporated under reduced pressure until dryness whereby 96 mg (yield: 96.2%) of 10-amino- 
25 camptothecin is obtained as a yellowish brown solid. 

NMR (in DMSO-d 6 )6: 0.88 (3H, t, J=7Hz, — CHaCjy, 1.86 (2H, q, J=7Hz, — £tfaCH 3 ), 5.17 (2H, s, 
5.39 (2H, s, C— 17 — H), 6.90 (1H, d, J=2Hz, C-9-H), 7.19 (1H, s, C-14-H), 7.26 (1H, d, d, J=9Hz, 
2Hz, C— 11— H), 7.84 (1H, d, J=9Hz, 0-12— H), 8.20 (1H, s, C— 7 — H). 
MS: m/e 363 [M*] C 2 oH 17 N 3 0 4 »363. 

30 

Example 15 

Preparation of 10-hydroxycamptothecin: . 

10-Aminocamptothecin (50 mg, 0.138 m-mol) is dissolved in a 10% aqueous solution of sulfuric acid (5 
ml). To this solution in a salted ice bath is added dropwise slowly an aqueous solution of sodium nitrite (9.5 

35 mg] 0.138 m-mol) with stirring. After the addition of sodium nitrite, the mixture is further stirred for 10 
minutes in a salted ice bath. To the reaction mixture is added cone, sulfuric acid (1 ml), and the whole is 
boiled under reflux for 2 hours. The reaction mixture is diluted with ice weater (200 ml) and chloroform (200 
ml) is added. The mixture is shaken in a separating funnel and the resultant emulsion is filtered through 
celite. The chloroform phase containing camptothecin formed as by-product by side reactions is dried over 

40 magnesium sulfate, filtered and evaporated until dryness under reduced pressure whereby camptothecin 
(8 mg) is recovered. On the other hand, a solid on the celite, which is insoluble in chloroform-water, is taken 
up in 20% MeOH— CHCi, (200 ml) and the solution is evaporated until dryness under reduced pressure 
whereby 28 mg (yield: 66.5%) of the title compound is obtained as light yellow crystals. M.P. (with 
decomp.) 270— 272°C (from pyridine-methanol). 

46 NMR (in DMSO-d ft )5: 0.88 (3H, t, J=7Hz, — CH a CMj), 1.86 (2H, q, J=7Hz, -CHaCH 3 ), 5.22 (2H, s, 
C-5-H), 5.40 (2H, s, C-17-H), 6.47 (1H, s, C-20-CH), 7.2 (2H, m, C-9-H and C-14-4H), 7.41 (1H, d, d, 
J=9Hz, 2Hz, C-11-H), 8.01 (1H, d, J=9Hz, C-12-H}, 8.43 (1H, s, C-7-H). 
IR Severn" 1 : 3450, 1720, 1655, 1590, 1505, 1265. 

so Example 16 

Preparation of 10-chlorocamptothecin: 

1-Acetyl-10-nitro-1,2,6,7-tetrahydrocamptothecin (439 mg, 1.00 m-mol) obtained in Example 13(0 is 
dissolved in ethanol (30 ml) and dioxane (20 ml). To this solution is added platinum oxide (60 mg), and the 
mixture is subjected to catalytic reduction for 30 minutes at room temperature under normal pressure. The 

55 catalyst is removed by filtration and the reaction mixture is evaporated until dryness under reduced 
pressure whereby VacetyM0-amino-1,2,6,7-tetrahydrocamptothecin (MS: m/e 409 [M + l 0^23^03=409) 
is obtained. This compound is dissolved in 1 2% hydrochloric acid (8 ml). To this solution in a salted ice bath 
is added dropwise slowly an aqueous solution of sodium nitrite (104 mg, 1.5 m-mol) with stirring. After the 
addition of sodium nitrite, the mixture is further stirred for 15 minutes under cooling in the salted ice bath. 

so This reaction mixture is added dropwise to a solution of cuprous chloride (521 mg, 5.00 m-mol) in 17% 
hydrochloric acid (10 ml) warmed at 60— 70°C under agitation. After the addition, the mixture is further 
agitated for one hour at 60— 70°C. The reaction mixture is diluted with ice water (300 ml) and extracted with 
chloroform (200 ml x 2), The chloroform phase is dried over magnesium sulfate, filtered and evaporated 
until dryness under reduced pressure whereby 1-acetyl-10-chloro-1,2,6,7-tetrahydrocamptothecin (MS: m/e 

65 428 [M*], 430 IM+2] C22H 21 N 2 0 9 CI=428.5) is obtained. Tnis compound is dissolved in a 30% aqueous 
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solution of sulfuric acid (20 ml) and the solution is boiled under reflux for 1 .5 hours. The reaction mixture is 
diluted with ice water (200 ml) and extracted with chloroform (150 ml x 3). The chloroform phase is dried 
over magnesium sulfate, filtered and evaporated until dryness under reduced pressure to obtained 10- 
chloro-1,2,6,7-tetrahydrocamptothecin. This compound is dissolved in dioxane (30 ml) and DDQ (288 mg, 

5 0.634 m-mol) is then added to the solution. The mixture is boiled under reflux for 1.5 hours and then 
evaporated until dryness under reduced pressure. The residue is dissolved in chloroform (300 ml) and 
washed with water (100 ml x 2). The chloroform phase is dried over magnesium sulfate, filtered and 
evaporated until dryness under reduced pressure whereby 184 mg (yield: 48.0% from 1-acetyl-10-nitro- 
1,2,6,7-tetrahydrocamptothecin) of the title compound is obtained as white crystals. 

to This end product can also be prepared from 10-aminocamptothecin by diazotization followed by 
substitution reaction with cuprous chloride (Sandmeyer reaction) in the same manner as described above, 
M.P. (with decomp.) 279— 280°C (from CHCI S ). 

NMR (in DMSO-d 8 )5: 0.89 (3H, t, J«7Hz, -CH a CHa), 1.87 (2H, q, J=7Hz, — CtiaCH 3 ), 5.28 (2H, s, 
C-5-H), 5.42 (2H, s, C-17-H), 6.51 (1H, s, C-20-OH), 7.33 (1H, s, C-14-H), 7.83 (1H, d, d, J=9Hz, 2Hz, 
75 c— 11— H), 8.16 (1H, d, J=9Hz, C— 12— H), 8.25 (1H, d, J=2Hz, C— 9-H), 8.64 (1H, s, C— 7— H). 
IR Severn- 1 : 3400, 1745, 1650, 1585, 1490, 1225, 1155. 
MS: m/e 382 [M*], 384 [M+2] C 80 H 15 N 2 0 4 CI=382. 

Example 17 

zo Preparation of 10-bromocamptothecin: 

1-Acetyl-10-nitro-1,2,6,7-tetrahydrocamptothecin (439 mg, 1.00 m-mol) obtained in Example 13(C) is 
dissolved in ethanol (30 ml) and dioxane (20 ml). To this solution is added platinum oxide (60 mg), and the 
mixture is subjected to catalytic reduction for 30 minutes at room temperature under normal pressure. The 
catalyst is filtered off and the reaction mixture is evaporated until dryness under reduced pressure whereby 

25 l-acetyl-10-amino-1,2,6,7-tetrahydrocamptothecin (MS: m/e 409 [M*] CaaHaNsO^Og) is obtained. This 
compound is dissolved in 24% hydrobromic acid (10 ml). To this solution in a salted ice bath is added 
dropwise slowly an aqueous solution of sodium nitrite (1 04 mg, 1 .50 m-mol) with stirring. After the addition 
of sodium nitrite, the mixture is continuously stirred for 15 minutes under cooling in the salted ice bath. The 
reaction mixture is added dropwise to a solution of cuprous bromide (717 mg, 5.00 m-mol) in 24% 

30 hydrobromic acid (10 ml) warmed at 60— 70°C under agitation. After the addition, the mixture is 
continuously agitated for one hour at 60— 70°C. The reaction mixture is diluted with ice water (200 mi) and 
extracted with chloroform (200 ml x 3). The chloroform phase is dried over magnesium sulfate, filtered and 
evaporated until dryness under reduced pressure whereby 1-acetyl-10-bromo-1,2,6,7-tetrahydrocampto- 
thecin (MS: m/e 472 [M*], 474 [M+2] 0^2,^056^473) is obtained. This compound is dissolved in a 30% 

35 aqueous solution of sulfuric acid (20 ml) and the solution is boiled under reflux for one hour. The reaction 
liquid is diluted with ice water (200 ml) and extracted with chloroform (200 ml x 3). The chloroform phase is 
dried with magnesium sulfate, filtered and evaporated to dryness. The residue is blended with celite and 
subjected to column chromatography on silica gel (eluent: 1% MeOH — CHCI 3 ) whereby 10-bromo-1, 2,6,7- 
tetrahydrocamptothecin (MS: m/e 430 [M + l, 432 [M+2] C 20 H 19 N a O 4 Br=431 ) is obtained. This compound is 

40 dissolved in dioxane (20 ml). To this solution is added DDQ (264 mg, 0.58 m-mol), and the mixture is boiled 
under reflux for 40 minutes. The reaction mixture is evaporated until dryness under reduced pressure and 
the residue is dissolved in chloroform (300 mi) and washed with water (200 ml x 2). The chloroform phase 
is dried with magnesium sulfate, filtered and evaporated until dryness under reduced pressure. The residue 
is blended with celite and purified by column chromatography on silica gel (eluent: 1% pyridine- 

45 chloroform) whereby 155 mg (yield: 36.3% from 1-acetyM0-nitro-1,2,6,7-tetrahydrocamptothecin) of the 
title compound is obtained as white crystals. 

This end product can also be prepared from 10-aminocamptothecin by diazotization followed by 
substitution reaction with cuprous bromide in the same manner as described above. 
M.P. (with decomp.) 273— 275°C (from CHCI,). 

so NMR (in DMSO-d,J6: 0.89 (3H, t, J=7Hz, -CHaCii), 1.87 (2H, q, J=7Hz, -CHaCHj), 5.28 (2H, s, 
C-&-H), 5.41 (2H, s, C-17-H), 6.48 (1H, s, C-20-OH), 7.34 (1H, s, C-14-H), 7.93 (1H, d, d, J=9Hz, 2Hz, 
C— 11— H), 8.09 (1H, d, J=9Hz, C-12-H), 8.41 (1H, d, J=2Hz, C-9-H), 8.63 (1H, s, C— 7— H). 
IR Sivcm" 1 : 3400, 1750, 1655, 1590, 1225, 1160. 
MS: m/e 426 [M*], 428 [M+2] CaoH^N^Br^a 

55 

Example 18 

Preparation of 7-ethyl-5,10-dihydroxycamptothecin: 

7-Ethyl-10-hydroxycamptothecin (50 mg, 0.128 m-mol) is dissolved in dimethylformamide (20 ml). To 
this solution are added anhydrous potassium carbonate (150 mg) and iodine (40 mg, 0.157 m-mol), and the 
60 mixture is stirred for 5 hours at room temperature. Any insoluble matter is then removed by filtration and 
the filtrate is evaporated until dryness. The residue is purified by way of column chromatography on silica 
gel whereby 35 mg (67.0%) of the title compound is obtained. 

'H — NMR (in DMSO-d a )5 ppm: 0.90 (3H, t J=7.5Hz), 1.30 (3H, t, J=»7.5Hz), 1.90 (2H, q, J=7.5Hz), 3.30 
(2H, q, 7.5Hz), 5.40 (2H, s), 6.50 (1H, s), 7.0-8.0 (6H, m), 10.30 (1H, s). 
65 MS: m/e 408 [M*], for C 2a H ao N a O e =408. 
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Example 19 

Preparation of 7-ethyl-10-hydroxY-5-methoxycamptothecin: 

7-Ethyl-5,10-dihydroxycamptothecin (20 mg, 0.049 m-mol) is suspended in methanol (30 ml). To this 
suspension is added cone, sulfuric acid (0.5 ml), and the mixture is stirred for 48 hours. The solvent ts then 
5 distilled off under reduced pressure and the residue is dissolved in chloroform and washed with water. The 
chloroform phase is dried with anhydrous magnesium sulfate and then evaporated until dryness under 
reduced pressure. The residue is purified by way of column chromatography on silica gel whereby the title 
compound (18 mg, 87.0%) is obtained. 

iH-NMR (in CDCI 3 ) ppm: 1.00 (3H, t, J«7.5Hz), 1.25 (3H, t J=7.5Hz), 1.95 (2H, q, J=7.5Hz), 3.40 (2H, q, 

10 J=7.5Hz), 4.00, (3H, s), 5.44 (2H, ABq,), 6.80-8.10 (5H, m). 
MS: m/e 422 [M + ], for C a3 H 22 N 2 0 6 = 5 422. 

Claims 

is 1. A camptothecin derivative of the formula: 



20 



25 



35 



40 



45 



50 




(I) 



30 wherein R 1 is a hydrogen atom, a d-C* alkyl group, a Cr-C 8 cycloalkyl group, a hydroxy! group, a 
SK Jtaw group or a C,-C 7 acyloxy group, R 2 is a C-d. alkyl group, a C-C, cycloalkyl grou* a 
^J^S"a napthJlalM group, a hydroxymethyl group a W " " ^1 

acvloShvl group, and R 3 is the grouping -XR' (in which R' is a hydrogen atom, a alkyl group a 

oroip, or a d-C,7 acyl group and X is an oxygen atom or a sulfur atom), and wherein the 
Sfcl Sff «5 and fcloxy groups may be substituted with one or more halo, nitro, ammo, carboalkoxy, 

a, ^i^ nas^ «S 

alkylcampS iWiydrwy^ 
?0-hXxy-7-^^ 10.h y droxy.7^rboxymethylcamptothecin, «W 

io-C 1 . M -alkoxy.7.phenyl f IMcam^ 
naohthylalky camptothecin, lO.C.-M-alkoxy-^hydroxymethylcamptothecin, W^^' 1 ^.?* 
VSn^mp^^ 1^ l Acyioxy^ l _ l o.alkylcampto^ecin, 

or 7-naDhthylalkylcamptothecin, lO-C-tT-acyloxY^-hydroxymethylcamptothecin, V 5 ^,: 1 ^' 0 ^ 
cL 7 ZCmeS the alkyl, alkoxy, acyl and acyloxy groups being optionally subst.tuted 

as d J^^ 1 ™^ preparation of lo-substituted camptothecin derivatives of the general formula: 



55 



R'X 




(I 1 ) 



60 



65 



wherein R 1 is a hydrogen atom, a d-C*, alkyl group, a Cr-C 8 cycloalkyl group, a hydroxy! group, a 
<v_ Cm alkoxy group or a C,— C u acyloxy group, R a is a hydrogen atom, a C,— C„ alkyl group, a Cr-C e 
cycloalkyl group, a phenylalkyl group, a napthylalkyl group, a hydroxymethyl group, a carboxymethy 
group or a d-C^ acyloxymethyl group, R' is a hydrogen atom, a C,-C 3 o alkyl group a Cr-C 8 cycloalkyl 
group or a C,— C 17 acyl group, and X is an oxygen atom or a sulfur atom, the alkyl, alkoxy, acyl and acyloxy 
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10 



is 



20 



25 



30 



35 



40 



45 



50 



55 



60 



groups being optionally substituted as defined in Claim 1, characterized by treating camptothecin or a 5- 
and/or 7-substituted camptothecin derivative of the general formula: 




(II) 



wherein R 1 and R 2 have the same meanings as given above, with a peroxidant in a liquid vehicle and then 
reacting the resultant camptothecin-1 -oxide or 5- and/or 7-substituted camptothecin-1 -oxide derivative 
with an active hydrogen-containing reagent of the general formula: 

R'-X-H (III) 

wherein R' and X have the same meanings as given above, in the presence of an acid under irradiation with 
ultraviolet rays. 

4. A process according to claim 3, wherein the peroxidant is hydrogen peroxide, an inorganic or 
organic peracid or a salt thereof. 

5. A process according to claim 3 or claim 4, wherein the liquid vehicle is glacial acetic acid or an 
aqueous solution thereof, a liquid hydrocarbon or a liquid chlorinated hydrocarbon, or an ether. 

6. A process for the preparation of 10-substituted camptothecin derivatives of the general formula; 




(I") 



65 



wherein R r is nitro group, an amino group, a C,— Ce alkylamino group, a C^— acylamino group, a 
hydroxyl group or a halogen atom, the alky I and acyl groups being optionally substituted as defined in 
claim 1, characterized by catalytically hydrogenated camptothecin in a solvent under atmospheric pressure 
in the presence of a noble metal catalyst, treating the resultant 1,2,6,7-tetrahydrocamptothecin with an 
acylating agent to introduce an acyl group into the 1 -position, treating the thus-obtained 1-acyM ,2,6,7- 
tetrahydrocamptothecin with a mixture of nitric acid and sulfuric acid, eliminating the 1-acyl group in the 
resultant 1-acyl-10-nltro-1,2,6,7-tetrahydrocamptothecin by hydrolysis under acidic or alkaline conditions, 
and then either (a) treating the resultant 10-nitro-1,2,6,7-tetrahydrocamptothecin with an oxidizing agent to 
cause dehydrogenation of the saturated ring and optionally reducing the resultant 10-nttro-camptothecin to 
convert the nitro group into an amino group, or (b) converting the nitro group of the resultant 10-nitro- 
1,2,6,7-tetrahydrocamptothecIn into an amino group by reduction and treating the resulting amino 
compound with an oxidizing agent as in (a), or (c) starting with either 10-amino-1, 2,6,7 -tetrahydro- 
campothecin produced by the initial reduction of (b) or with 10-aminocamptothecin resulting from either 
(a) or (b) modifying the amino group by N-alkylation of N-acylation or by diazotization followed by 
hydrolysis or reaction with a cuprous halide to convert the amino group into a hydroxyl group or a halogen 
atom, and, if necessary, treating the resulting 10-modifled 1,2,6,7-tetrahydrocamptothecin derivative with 
an oxidizing agent to cause dehydrogenation of the saturated ring. 

7. A process according to claim 6, wherein the noble metal catalyst is platinum black, platinum oxide, 
palladium black or palladium oxide, if desired, carried on carbon black. 

8. A process according to claim 6 or claim 7, wherein the oxidizing agent is dichlorodicyano- 
benzoquinone, air or nitric acid. 

9. A process according t any one of claims 6 to 8, wherein 10-nitro-1,2,6,7^tetrahydr camptothecin is 
reduced prior to oxidation to cause dehydrogenation of the saturated ring. 
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10. A pharmaceutical or veterinary formulation comprising a compound according to claim 1 or claim 2 
formulated for pharmaceutical or veterinary use, respectively. 

1 1. A compound as defined in claim 1 or claim 2 for use in producing an anti-tumor effect in man or any 
other animal. 

s 12. A process for preparing a pharmaceutical or veterinary formulation which comprises (1 ) preparing 
a 10-substituted camptothecin derivative of formula (I') or (I") by a process as defined in any one of claims 
3 to 5 or 6 to 9, respectively and (2) formulating the 10-substituted camptothecin for pharmaceutical or 
veterinary use, respectively. 

13. A 5- and/or 7-substituted camptothecin-1 -oxide derivative of the formula: 



15 



20 




(IV) 



30 



wherein R 1 and R 2 are as defined in claim 3, with the proviso that R 1 and R 2 are not both hydrogen atoms. 

14. 5-(C!— C^AIkylcamptothecin-l-oxide, 5-KV- C 30 )alkoxycamptothecin-1-oxide, 7- 
(Ci— CaoJaltycamptothecin-l -oxide, 7-phenylaIkyl- or 7-naphthylalkyl-camptothecin-1 -oxide, 7- 
{C,— C 17 )acyloxymethylcamptothecin-1 -oxide or 7-hydroxymethylcamptothecin-1-oxide. 

15. S-iCt— C 17 )Acyloxycamptothecin-1-oxide, 5-hydroxycaptothecin-1 -oxide or 7-carboxymethyl- 
camptothecin-1 -oxide. 

16. A process for the preparation of 5- and/or 7-substituted camptothecin derivatives as defined in 
35 claim 13, characterized by treating a 5- and/or 7-substituted camptothecin derivative of the general 

formula: 



40 



45 



SO 




(II) 



wherein R 1 and R a are as defined in claim 13, with a peroxidant in a liquid vehicle. 
65 17. a process according to claim 16, wherein the peroxidant is hydrogen peroxide, a persulfate or m- 

chloroperbenzoic acid. *i -a 

18. A process according to claim 16 or claim 17, wherein the liquid vehicle is acetic acid. 

19. A process according to any one of claims 16to 18, wherein the 5- and/or 7-substituted camptothecin 
derivative is treated with hydrogen peroxide at a temperature In the range from 60°C to 80°C. 



60 



65 
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Patentanspruche 

1. Camptothecin-Derivate der Formal 

s 



10 



16 




20 worin R 1 ein Wasserstoffatom, eine d— C3o-Alkylgruppe, eine Cg— Cg-Cycloalkylgruppe, eine 
Hydroxylgruppe, eine Ci— Cso-AJkoxygruppe oder eine d— CtrAcyioxygruppe; R 2 eine C t — Qjq- 
Aikylgruppe, eine Cg— Ca-Cycloalkylgruppe, eine Phenylalkylgruppe, eine Naphthylalkylgruppe, eine 
Hydroxymethylgruppe, eine Carboxymethylgruppe oder eine (^—^rAcyloxymethylgruppe und R 3 die 
Gruppe — XR', worin R' ein Wasserstoffatom r eine d— Cso-Alkytgrupp^ eine C*— C 8 -Cycloalkylgruppe oder 

25 eine d— C 17 -Acylgruppe und X ein Sauerstoffatom oder ein Schwefeiatom darstellen, bedeuten und worin 
die Alkyl-, Alkoxy-, Acyi- und Acyloxygruppen durch ein oder mehrere Halogenatome, Nitro-, Amino-, 
Carboalkoxy-, Alkylamino-, Dialkyiamino- oder AJkoxygruppen (wte vorstehend definert) substituiert sein 
kdnnen. 

2. Camptthecin-Derivat, namlich lO-Hydroxy^-Ci-w-aiMcamptothecin, 10-Hydroxy-7-phenylalkyl- 
30 camptothecin, 10-Hydroxy-7-naphthylalkylcamptothecin, IO-Hydroxy-7-hydroxymethylcamptothecin, 10- 

Hydroxy-y-C^^acyloxymethyicamptothecin, 10-Hydroxy-7-carboxymethylcamptothecin, IO-C^q- 
Alkoxy^-d-so-alkyicamptothecin, 1 0-d _3o-Alkoxy-7-phenylalkylcamptothecin, 1 0-C^so-Alkoxy^- 
naphthylalkylcamptothecin, 10-C n -3o-Aikoxy-7-hydroxymethylcamptothecin, lO-d-w-Alkoxy^-C^T- 
acyloxymethylcamptothecin, lO-C^rAcyioxy^-d-so-akyicamptothecin, 10-C,_ 17 -Acyloxy-7-phenylalkyl- 
35 oder 7-Naphthylalkylcamptothecin, 10-d- ir Acyloxy-7-hydroxymethylcamptothecin, IO-Ci-trAcyloxy-7- 
Ci_ 17 -acyloxymethylcamptothecin, worin die Alkyl-, Alkoxy-, Acyl- und Acyloxygruppen gegebenenfalls, 
wie in Anspruch 1 definiert, substituert sind. 

3. Verfahren zur Herstellung von 10-substituierten Camptothecin-Derivaten der allgemeinen Formel 

40 



46 



50 




(I') 



55 

worin R 1 ein Wassserstoffatom, eine C,— Cao-Alkylgruppe, eine Cs— Ca-Cycloalkylgruppe, eine 
Hydroxylgruppe, eine C t — Cso-Alkoxygruppe oder eine C| bis CirAcyloxygruppe; R a ein Wasserstoffatom, 
eine C, bis Cjo-Alkyigruppe, eine C*--C 8 Cycloalkylgruppe, eine Phenylalkylgruppe, eine Naphthyl- 

60 alkylgruppe eine Hydroxymethylgruppe, eine Carboxymethylgruppe oder eine d— dr-Acyloxy- 
methylgruppe; R' ein Wasserstoffatom, eine C,— Cso-Aikylgruppe eine C*— Cs-Cycloalkylgruppe oder eine 
C,— drAcylgruppe; und X ein Sauerstoffatom oder ein Schwefeiatom darstellen, wobei die Alkyl-, Alkoxy, 
Acyl- und Acyloxygruppen gegebenenfalls, wie in Anspruch 1 definlert, substituiert sind, dadurch gekenn- 
zeichnet, daB man Camptothecin oder ein 5- und/oder 7-substituiertes Camptothecin-Derivat der 

65 allgemeinen Forme! 
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10 




(ID 



is worin R 1 und R 2 die vorstehend angegebenen Bedeutungen haben mit einem P er ™^ 

flussigen Trager oxidiert und das erhaltene Camptothecm-1-Oxid oder 5- und/oder 7-substituierte 

"lit einem aktiven Wasserstoff enthaltenden Reagens dar allgeme.nen 

Formel 

(III) 



20 



R' — X — H 



worin R' und X die vorstehend angegebenen Bedeutungen haben, in Gegenwart einer Saure unter 
Bestrahluna mit Ultraviolett-Strahlen umsetzt 

4 VerfahTen nach Anspruch 3, dadurch gekennzeichnet, daB man als Peroxidationsmrttel Wasser- 
25 stofroeroxid eine anorganische oder organische Persaure oder ein Salz davon verwendet 

TSren nach Anspruch 3 oder I dadurch gekennzeichnet, daB der flussige Trager W^r 
eine waBrige Ldsung davon, einen flussigen Kohlenwasserstoff, e.nen flussigen chlonerten Kohlen- 

wasserstoff oder einen Ather darsteilt c ~«««i 
6. Verfahren zur Herstellung von 10-substituierten Camptothecin-Denvaten der ailgememen Formel 

30 



35 



40 




(I") 



worin R 3 ' eine Stickstoffgruppe, eine Aminogruppe, eine C,— C a -Alkylaminogruppe, eine f^— C ir 

45 Acylaminogruppe, eine Hydoxyigruppe oder ein Halogenatom darsteilt, wobel die Alkyl- und Acylgruppen 
gegebenenfalls, wie in Anspruch 1 definiert, substituiert sind, darsteilt, dadurch gekennzeichnet, daB man 
Camptothecin in einem Losungsmittel unter Atmosphaxendruck in Gegenwart eines Edelmetallkatalysators 
katalytlsch hydriert, daserhaltene 1,2,6/7-Tetrahydrocamptothecin mit einem Acylierungsmittel behandelt, 
urn eine Acylgruppe in die 1-Stellung einzufuhren, das so erhaltene 1-Acyl-1,2,6,7-Tetrahydrocamptothecin 

so mit einem Gemisch aus Salpetersaure und Schwefelsaure behandelt, die 1 -Acylgruppe in dam erhaltenen 
1-Acyl-10-nitro-1,2,6J-tetrahydrocamptothecin durch Hydrolyse unter sauren oder alkalischen 
Bedingungen eiiminiert und anschlieBend entweder (a) das erhaltene 10-Nitro-1,2,6,7-tetra- 
hydrocamptothecin mit einem Oxidationsmittel zwecks Dehydrierung des gesSttigten Ringes behandelt 
und gegebenenfalls das erhaltene 10-Nitro-Camptothecin reduziert, urn die Nitrogruppe in eine 

55 Aminogruppe umzuwandeln, oder (b) die Nitrogruppe des erhaltenen 10-Nitro-1,2,6,7-tetre- 
hydrocamptotheclns durch Reduktion in eine Aminogruppe umwandelt und die erhaltene Aminogruppe 
mit einem Oxidationsmittel wie in (a) behandelt; oder (c) au6gehend von I0-Amino-1,2,6,7-Tetrahydro- 
camptothecin aus der anfangilchen Reduktion von (b) oder von 10-AmfnocamptothecIn, aus (a) oder (b), 
die Aminogruppe durch N-Alkylierung oder N-Acylierung oder durch Diazotierung modifiziert und 

so anschlleBend eine Hydrolyse oder eine Reaktion mit einem Kupfer-(l)-Halogenid durchfflhrt, urn die 
Aminogruppe in eine Hydroxylgruppe bzw. in ein Halogenatom umzuwandeln und, fails erforderlich, das 
erhaltene 10-modifizierte 1,2,6,7-Tetrahydrocamptothecin-Derivat mit einem Oxidationsmittel behandelt, 
um eine Dehydrierung des gesSttigten Ringes zu bewirken. 

7. Verfahren nach Anspruch 6, worin der Edeimetallkatalysator Platinschwarz, Platinoxid, Pailadium- 

65 schwa rz oder Palladiumoxid, gegebenenfalls auf RuB als Trager, darsteilt 
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o^SsSZrt^r" 6 ° der ? ' W °"' n ^ Dich^dicyanobenzochinon, Luft 

^^XX°£XZ^S^ *» v ertJ i„ dung nach 

_ 11. Verbindung nach AnspmcM odef fZ SZXT*™?*^*™ Gebrauch fo ™ u «ert Is, 
Oder einem anderen Lebewesen Erzeugung emer Anti-Tumor-Wirkung beim Mensehen 

« ^SfS^^ ve«erin armedizinischen Zubere( , ung( 

nach einem der AnsprQcheS bi i 5 tow el bb a i hZ»iT * S 0 "? ' doer (l "> nach ei "em Verfahren 

13. 5- und/oder 7-substituiertes tomptoth ec i n .^ X H.D a ri™Z™rZ 

15 



20 



25 



30 




(IV) 



^SSZj^tJS^^ 3 dafin, ' Brt Sind ' mit der Ma <^ da* ff und R< nioht beide 

ca.pfo^ B-HydroxycamptoZl-l-oxfd Oder 7-Carboxymethy,. 

ellgemeinen Formel * und/odar 7 -substitulertes Camptothecin-Derivat der 



45 



SO 



65 




(II) 



mAl^ToS^lZt 16 ' W ° rin ^ Peroxid " i — W Wasserstoffperoxid. ein Peraulfat oder 
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1. Derive de camptothecine de formule 

5 



W 



IS 




(I) 



20 

» (ou R r est un atome tfSSe un radTca?C ^ 'T^' 0 ^ 6 ^ 6 et 681 ,e Oroupement -XR< 
C-C-acyie et X £ T^Z^^SSt Z^^rT^ ° U radiCal 
acyle et acyloxy peuvent etre substitues oar un ou XlJ X, ? ? les /ad IC aux alcoyle, alooxy, 
*<°oylamino, dialcoylamino ou al W ^^^^^ ha '°' nrtro ' amin °- ""boalcoxy, 

» ph^l^lS^^™ ' e "Z^ hV f 0 ^ C :r alcOYlcam P toth6cine ' u "° 10-hydroxy-7- 

carboxymethylrammothlcine une 10 ^c ro B S;T ^ ? Xy '? ethylcamptotMoin9 ' la IO-hydroxy-7- 
phenylalcoylwmZh^ine le 10 (^"^iT COy cam P ,0,h ^ine, une lO-C^-alcoxy^ 

thlcine une 10^ fl ^;«?7 h !; ^i-iracyloxy^-phenylalcoyl- ou 7-naphthylalcoylcampt^ 
dans la revendication 1 ^' ^ Cyloxy 9tant eventu< "'e™nt substitues comma defini 



40 



3. Precede de preparation de derives de camptothecine-10-substitues de formule generate: 



45 




(I'J 



60 



C^loaicoyle, un radical 

radical C I -C so -alcovle un radfeai c-Lr I ^-^racrfoxY, R s est un atome d'hydrogene, un 
un nfofiXSSlfi^ Phenylalcoyle, un radical nsphtylai™ 

atome d'hydrogene, un r^caT(?-£aS^^^ (p-C^cyloxymethyle, R' est un 

et X est un atome d'oxygene ou dT,S 2 Cr^Vcyctoilcoyto ou un radical C-C ir ecyle, 

ou un derive de camptotnecine 6- mtotSSSX KESSST trai * '"«™Pt°tnecine 



21 



to 




(II) 



" «^ "J*. +*mm avec un peroxydant dan S un 



20 



R'— XH 



(III) 



4 1 | | | J 

P«SJK2^ P"*** a « " P-xyde d'hydrogene. U n 

30 



35 



40 




(I") 



comme defini dans la indication 

to UW-tetrahydrooamptothecine r^JS^S!^^^ "? b 6 03,31 '° *aitement de 
acyle a a position 1, le traitement de la Si 72 7 VrZ% tf W 0 " pour introduire «n radical 
d'un melange d'acide nitrique et d'acide mMnbZ ™- ? hydrocam P to *&ine ainsi obtenue au moven 

'^tetrahydrc^mptothlinrresutome radto ? 1 - ao * B de I^VMoK 

« ansurte soft (a) le traitement de la ! H^7«t32S^ d * conditions acides ou alcalines at 
agent oxydant pour provoquer le d&r.vZn«nf «An 1 ,ran y droc8 ">Ptotheclne rtsultante au moyen d'un 
lO^itrocamptoth&ine r&uUan S wttwZTdTt?^" eventuelle <™' «• de to 

conversion du radical ^ihi^^^s^TS^^^^^ en un radical amin °' «* « la 
rfducdon at le traitement du wn J2«nS SS 2 S^'" 8 reSU,tante en un radical am "<<> P* 
55 & partir de la 1«^mlno.1M7^hvd^D2Sf Un , 89ent oxydant comma «" M. soit (c) 

da la 10^minocamptothecine resuS de (a) oul b) J eduC,ion i" 1 ™ 8 8n ™ * P"* 

ou N-Mytadbn ou par diazotation suivie dSoivse ™ r?^' 0 " d " radical amino P ar N-s'^Vlatlon 
convertlr le radical amino an un radical hydrowte ot i ur, ^atomf ^kT T° un "■'•B*'"™ civreux pour 
du denve de W7«trahydrocaiJ * * newwKre, le traitement 

50 provoquerla deshydrogenation du cycle satire m ° yen d ' un a <> ent PO«r 

joxyde *S^^ est ,e noir de P ,e«ne, 

noir de carbone. oxyae ae P»«a«um, si la chose est souhaitfe, d6pos6s sur du 

55 t^^^ZSESSr 9 ° U 7 ' d8nS ^ '' a ^t xydant est ,a dichiorodicyano- 
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t r r0cW4 8Ui ? nt lun8 q uelc °nq"e des revendications 6 a 8, dans leguel la 10-nitro-1 2 67 

2 mil pharmaceut '<l ue ou v6t6 ""aire comprenant un compose suivant la revendication 1 ou 

2 mis en composition a usage pharmaceutique ou vet6rinaire, respectivement 

12. Precede de preparation d'une composition pharmaceutique ou veterinaire aue comorend ID la 
preparation d'un derive de camptothecine 10*ubsitute de formule (I') ou (I") par ^un procS aue Suit 
dans I'une quelconque des revendications 3 a 5 ou 6 a 9, respectivement et iataiZnZ»d^.h 

13. Denve de camptotheane-1-oxyde 5- et/ou 7-substitue de formule: 



/s 



20 



25 




(IV) 



^i^^BS!? dans 18 revendication 3 - avec la re8,riction que R1 et Ri ne s ° nt p- *» 

30 ir-^* la u ^-^'Alwy'wmptothecine-l-oxyde, 5^C,-C M )alcoxycamptothecine-1^xyde 7- 
C^alcoylcamptothecine-l-oxyde, 7-phenylalcoyl- ou V-naphtylalcoylecamptothecineSde 7- 
(C^^acylo^mithylcamptothecine-l-oxyde ou 7-hydroxymethylcamptoihecine-l-oxyde 

campto*L^S e °^ mP,0theCine ' 1 - OXVde ' ^^•"PWhW^-o*** « 7-carboxymethyl- 

3« 1 6. Prarfd 4 de preparation de denvfe de camptothecine 5- etfou 7-substitues tels que definis dans la 
reventoon 13. caracterise en ce qu'on traite un derive de camptothecine I SSSf!l u ! 



40 



45 




(ID 



50 




liquid* R2 t6,S 18 rovendication 13 ' au m °Y en d ' un Peroxydant dans un v6hicule 

55 no JL Pr ° C ^. 6 ?!! iVant S revendfcation 16 < dans 'equel le peroxydant est le peroxyde I'hydrogene, un 
persulfate ou I'acide m-chloroperbenzoique. f b ' 

acitilfue^ 006 ^ revendicat[on 16 ou 17 ' wractSrise- en ce que le v6hicuie liquide est I'acide 

so th d V U, I a ?! 'l Une c ' u ? , f onc * ue des revendications 16 a 18, dans lequel le dew* de campto- 

SSret Sc 7 ' SUbSt,tu6 eSt tra ' t6 aU moven de perox V de d 'Mrogene a une temperature de I'intervalle 
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